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Abstract 

In this paper, for massive fields of spins 2 and 3 with non-canonical Lagrangians, we 
build Hamiltonians and full systems of constraints and show that the use of derivatives 
in a redefinition of fields can give rise to a change of number of physical degrees of 
freedom. 
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Introduction 



At constructing various kind of field theory models it is often useful to redefine initial fields for 
the theory to be of simpler and more understandable form. Such substitutions of variables 
must not change physical contents of the model i.e. the number of physical degrees of 
freedom must remain the same as before the substitution. In this, of course, it is meant 
that a modification of Poincare group representations didn't happen i.e. for example, a 
massive vector field does not turn into three scalar fields. One has often to perform such 
type of redefinitions in theories, which describe a physical particle with some set of fields, 
see Ref. |2[. So, for instance, in when describing massive spin-2 particle propagation 
in a homogeneous electromagnetic field the result independent of space-time dimensionality 
has been obtained using a redefinition of second rank field. 

One can divide all substitutions of variables into two kinds. First kind are the substi- 
tutions of variables without derivatives i.e. schematically $^ = Mjf$ B + F^&b&c + ■ ■ ■, 
where M% is non-degenerate matrix. The second kind are substitutions with derivatives 
i.e. they have form $' A = M^&b + H^d^B + ■ ■ ■ ■ In this paper using the case of free 
massive spin-3 field, we show that the number of physical degrees of freedom of the theory 
can change, if one uses derivatives in the redefinition of fields. 

To begin with in Section 1 we consider the free massive spin-2 field that is described with 
a non-canonical LagrangianQ derived from the canonical form with the redefinition of the 
second rank field. We build a canonical Hamiltonian and a full system of constraints^ (all 
the constraints are of the first kind). A simple calculation shows that the number of degrees 
of freedom remains the same at transition to the non-canonical form. 

In Section 2 we are building a full system of constraints and canonical Hamiltonian for 
a non-canonical Lagrangian, which describes free massive spin-3 field and which is derived 
from the canonical form with the redefinition of fields without derivatives. In this case all 
the constraints are of the first kind and the number of degrees of freedom remains the same 
as in the canonical case. 

In Section 3 we consider the field of spin 3 in the non-canonical form that has been 
obtained from the canonical one with a redefinition of fields with the use of the derivative. 
Building a Hamiltonian and full systems of constraints, we show that in this case the number 
of field degrees of freedom increases. In this the constraints of the second kind are present 
in a full system. 



1 Free Massive Field with spin 2 

At first, let us consider the spin-2 field to compare with the case of spin-3 field. 

We consider the usual flat Minkowski space M 4 with metric signature (1,-1,-1,-1). 
Latin indices take the value k,l,... = 0,1,2,3 and the Greek ones — the value ... = 
1,2,3. For convenience we will not make difference between upper and lower indices, while 

1 We call a Lagrangian of free massive spin-s field as canonical, if it breaks into the sum of Lagrangians 
for massless fields of spins s, s — 1, in the massless limit, see [^). 

2 Describing systems with constraints, we use standard Dirac procedure, ref. B B|. 
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the summation over the repeated indices will be understood, as usual, i.e. 

.»/,.. V. »/..../>'/.., 

We will describe the free massive field of spin 2 with the gauge invariant Lagrangian of 
type 

C = d m h k id m h kl - 2d k h kl d m h lm + (d k h M dih + /i.e.) - d k hd k h 
+ 2 (d k h k idi(p - djidiip + /i.e.) - 2 (dib k dib k - dib k d k b^j 
+ 2m (dib k h k i - d k b k h + h.c?j - m 2 (h k ih kl - hhj , (1) 

where h k \ is a symmetrical tensor and h = g kl h k \. 

The gauge transformations of the fields have the following form: 

5hu = 2d( k (i), 

Sb k = d k r] + m£ k , (2) 
dip = mr\ . 

Lagrangian (JJ) has been chosen in a non-canonical form (with the off-diagonal kinetic 
part) in order that the Goldstone part (proportional to mass) for the field h k i be absent in the 
transformations. The transformations for h has the form 5h k i = 2d( k £i) + mg k ii], where g k \ is 
the metrical tensor, in the canonical form with the same normalization of fields. Therefore, 
to pass to Lagrangian (0) and transformations (|2]) one need do the following substitution of 
variables h! u — > h kl - g kl tp. 

Further on, for convenience, we put m = 1. 

Passing from Lagrangian ([]]) to the Hamiltonian formalism, we get the following five 
constraints calculating the momenta 

Ca = Pao ~ dahpp + 2dph a p + 2d a ip + d a h 00 , 

C h = p h oo - 9 a h a0 , (3) 

(i) 6 b 

C = Pq 2h aa . 

Let us define the Poisson brackets in the following form: 

{h aP (x), P h » u (y)} = C) (*-»)> 

{h a0 (x),p%(y)} = S$(x-v), 
{h 00 (x),p h oo(y)} = 6(x-y), 

{b a (x),p b p(y)} = 8%(x-y), 

{b°(x),p b (y)} = 6(x-y), 

&(x),p*(y)} = 5(x-y) , (4) 
where we use the notation 8°^y (x — y) = 5^5% ;;;5 (x — y). 
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The Poisson brackets of constraints ([3]) equal zero between themselves. At that the 
Hamiltonian obtained from (|]) has the following form: 

n = vlA - \p%pL + \pLp ¥ + \pLp v + \p b J a + jW 

+ ^dahaoPpp + -^d a h a oPpp + d a b p b a + d a b p b a - ^d a h a0 p v 

- \dJioaP 9 + K p b a + h a0 p b a - dahoodphap - d^otA^ 
o 

+ dphaadpliQQ + d a hood a hpp + -d a h a Qdphpo — 2dph a odph a o 

+ d^h a pd^h a p + dph aa dryhp^ + dph^d a h a p — dph aa dph^ (5) 

- 29 7 /i / 3 7 (9 Q /i Q/3 - 2d a (pd a h o - 2d a Lpd a h m + 2dj 3 h aa d l3 (p 
+ 2dph aa d/3(p - 2d(3<pd a h a p - 2d a h a(3 d P (p + 2d p b a d b a 

- 2dpb a d a bp — 2d a b a hoo — 2d a b a hoo — 2dpb a h a p — 2dpb a h a p 

+ 2d a b a hpp + 2dJ) a hpp + 4:d a b h a0 + <id a b h a0 + h a/3 h al3 
+ hooh aa + h aa hoo — hpph aOL , 

where 7 Q/3 = -g aj3 and A aa __. = 7 Q/3 v4 a/3 .... 

In order that the Hamiltonian equations be equivalent to the Lagrangian ones followed 
from ([!]), one has to add the first step constraints to the Hamiltonian, but since the con- 
straints commute between themselves one needn't add it to Hamiltonian for the calculation 
of second step constraints. 

At the second stage we get 5 second step constraints, calculating the evolution of first 
step ones 

(2) 

C h a = 2d p p% - p b a - 2Ah a0 - 4d a b 

(2) 

C = - Ah aa + d aj3 h a p + 2Ay? - 2d a b a + h aa (6) 

(2) 

C b = d a p b a -p* + 2d a h a0 . 

The Poisson brackets equal zero among the second step constraints and between them 
and the first step ones. 

The brackets between constraints @ and Hamiltonian (H) equal either zero or linear 
combinations of second step constraints. That is, new constraints do not appear at the third 
stage. Hence (0) and form the full system of constraints for this theory. In this, all the 
constraints are the first kind ones. 

It is easy to compute that the number of degrees of freedom equal five in this case. This 
agrees with the formula 2s + 1 for a massive particle of arbitrary spin s. 
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2 Free massive field of spin 3: substitution of variables 
without derivatives 

As in the previous Section we will describe a free massive complex field of spin 3 with the 
gauge invariant Lagrangian in the non-canonical form 



C = - I0d n ® klm d n $ klm + 30d k $kimd n $imn - 30 (d k $kimd m $i + h.c. 
+ 30$$*$$* + 15<9*l>A$ fe - 6 (2d h $ klm dJ>i - 2di^ k dib k 

- di$id k b k + /i.e.) + —dib k d k bi + 30d m h H d m h kl - 60d k h kl d m h lm 
+ 30 (dihdkhki + /i.e.) - 30d k hd k h + 5 {dtipd k h kl - d k hd k ^> + h.c.) 

- ~d k Cpd k ip - 15 (2d m h k i$kim - ^d k hki®i + d k h§ k + /i.e.) 

- ~ (dfct^fc + h.c.) - 18 (d k b k h + h.c.) + 5 (2$ Hm $ Hm 
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- 6$ fc $ fc + 9hh) , (7) 



where is the symmetric tensor and Q k = g lm Q k i m . 

The transformations of the fields for this Lagrangian have the following form: 

$®Hm — 39( fc Wi m ) — ^g(kid m )Vi 
8h k i = 29(fe^) + u k i, , s 

<56 fc = 2^ + 5&, W 
= 1277, 

at that g kl w k i = 

The transformations of rank 2 and 3 fields have the form of type <$<3> = du + g £ and 
<5/i = <9£+u;-|-g 77. It is evident that transformations (|8]) looks simpler, moreover the Goldstone 
part for the field § k i m is absent in the transformations. This facilitate an analysis of the 
theory at switching on interaction. The transition from the canonical form to Lagrangian (^) 
and transformations (|]) has been reached with the fields redefinitions of type 

$' — > $ - a b 

^ —> yu, , 

h' -► h-gtp. {) 

In order to show that the number of degrees of freedom remains the same we will compute 
the constraint algebra of theory (^). 

Calculating the canonically conjugated momenta we obtain 14 first step constraints 

(i) g 3g 

C b = ^Pooo-Po- 123 5 $ 775 + 243 7 $ 700 + ycV 7 , 

C h = - - 45$ 770 + 15$ooo + 30a 7 /i 70 + 186 , (10) 

Ca - ~Pao + 60$ Q77 - 609 7 /i a7 + 30d Q /i 77 - 30d a h 00 - 5d a (p, 
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Ct = - ptoo + 309 7 $ Q70 - 30a a $ 770 + 309 Q $ooo + 12d a 6 , 
b*^ = - pt/30 - 3j a( 3PQ 00 - 30<9 7 $ Q/ 3 7 + 309(0,^)^ - 309 (a $ /3 )oo 
+ 307 a/3 a 5 $ 77 5 - 607 Q/3 9 7 $ 7 oo - 129(06/9) - 127 a/3 <9 7 6 7 . 
Let us update Poisson brackets (|J) 

{^(*),pj^(y)} = ^(s-v), 

{^(aO.pJLoG/)} = S^ix-y), 
{$ a0 °(x),P*oo(y)} = S$(x-y), 

{® 00 °(x),pL(y)} = S(x-y). (11) 

The Poisson brackets of all the first step constraints equal zero among themselves. 

Now we need to compute the canonical Hamiltonian. The result is rather cumbersome 
even for free field, therefore, we place the concrete expression for the Hamiltonian in Ap- 
pendix 0. 

From the condition of conservation of the first step constraints, we get the second step 
constraints 

(2) 

C b = - d^p\ - 0.1^ 7 - 5.46 + 6p^ - 24,9 2 $ 770 + 12d* s $ jS0 
+ 12«9 2 $ooo + 7.2d\ - 33<9 7 /i 70 + 13.5$ 770 - 4.5$ 000 , 

(2) 

C h = 3p* 00 - 30a 2 /i 77 + 30d 2 s h lS + 5dV - 60<9 5 $ 775 + 90g> 7 $ 700 
+ 45/i 77 — 45 h 00 , 

(2) 

C h a = - 2d lP h ai + 5p b a + 60d 2 h a0 - 60c» 7 $ Q70 + 30<9 Q $ 770 



- 30a a <D 00 o, (12) 

(2) 

Ct = 39 Q p* 00 - 30<9 2 $ a77 + 30d 2 ^ aiS - 6oa 2 5 $ 77(5 + 90d 2 7 $ 700 



+ 12d 2 b a + 24d 2 7 6 7 + 30$ Q77 - 60d 7 /i a7 + 15d a /i 77 
5 

- 4:5d a h 00 - -d a (f, 

(2) 

C% = - 3.9,^ + p h ap + 30a 2 $ Q/30 - 305^$ oo + 30d 2 a/3 ^ 

- 30 la/3 d 2 s <S> l50 - 30 7q/3 9 2 $ooo + 60 7a/3 a 2 $ 770 - 12^6o 

- 2Aj af3 d 2 bo + 60d {a hf3 )0 + 907 a/3 <9 7 /i 70 - 457 Q/3 $ 77 o 
+ 157 Q/3 <l>ooo + 187^60 • 
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The second step constraints have zero brackets among themselves and between them and 
the first step ones. New constraints do not appear at the third stage. Hence ( |i~0"l) and fljjD 
constitute the full system of constraints. In this, all the constraints are of the first kind. 

It is easy to compute the number of independent field degrees of freedom. The number 
of all field components equals 35 and number of the constraints 28, therefore, the number 
of independent degrees of freedom equals 35 — 28 = 7. Thus passing to the non-canonical 
form (|7|) with the substitution of variables (£5|), the number of degrees of freedom has not 
changed. 



3 Massive spin-3 field: substitution with derivatives 

When looking at transformations @ a desire arises to simplify the ones making a third rank 
field shift of type 

$' -> $ + gdtp (13) 

so that the transformations for <£> remain only of type du. Besides, simplicity of the trans- 
formations gives us another advantage. Since the metrical tensor is absent in the transfor- 
mations after such shift, the Lagrangian does not depend on the space-time dimensionality. 

However the Lagrangian becomes the third degree one in derivatives. The question 
emerges whether the number of physical degrees of freedom changes at that. 

Let us show that the number of degrees of freedom increases by one at the redefinitions 
of type dH). 

In order to reduce the number of derivatives in the Lagrangian we introduce an auxiliary 
field v k . In this, the Lagrangian acquire the following form 

C = (2d m $ k i m div k - 2di§ k div k + 2di<& k d k vi - 3di^id m v m + h.c.) 

- 10d n $ k i m d n $ Hm + 30d n $ kln d m $ klm - 30 (d n $ kmn d m $ k + h.c. 

+ 30d m $ k d m $ k + lhd m <5> m d k $ k - 6 (2d m ^ Um dib k - 2d m bid m $ l 

- d m b m di$i + h.c?j + 30d m h kl d m h k i - 60d m h km dih k i 
+ 30 (d m hi m dih + h.c. ) - Wfyhdji - 15 (2d m h 

kl^klrn 

- 4d m h km $ k + d k h<t k + h.c.) + [X k (d k ip - v k ) + h.c. 



+ im klm ® klm - 30$ fc $ fc . (14) 

Correspondingly, gauge transformations (§) after shift (|13|) and entering the auxiliary field 
have the following form: 

Sh k i = 2d( k £i) + Wkh 

Sb k = 2d kV + 5£ k , (15) 

5v k = I2d k r), 

5ip = 12r] . 
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Passing to the Hamiltonian form of theory (H), we obtain the following constraints at 
this stage 



(1) A 


= 




' \ 


= 


( 1 \ 

C* 


= 


- A 


di 




-V b 


% 




-P b 
Q Pa 






Poo ■ 


% 




PaO 


®* 




$ 
PaOO 






$ 

Pa/30 



- + 2<9 Q $ 770 - 2a a $ooo, 

45$ 77 o + 15$ooo + 309 7 /i 7 o, 
60$ Q77 — 609 7 /io, 7 + 309q,/i 77 — 30<9 Q /ioo, 

- 309 7 $q, 7 o — 309q,$ 77 o, 

- 3]?0007a/3 - 309 7 $ a/ 3 7 - 3O0( a $0)oO + 309( a $^) 77 
+ 305 5 <l> 77 57 a/ 3 - 609 7 $ 7 oo7a/3 - 12(9( a 6/3) - 129 7 6 7 7 Q/3 

+ 29 (a ^) + 6<9 7 v 7 7 Q/3 . (16) 

Since unlike (|7|) the additional variables, namely, the auxiliary field and the Lagrange 
multiplier arise in Lagrangian (|T4]), therefore, one has to update the Poisson brackets 

{v (x) ,p v (y)} = 5(x-y), 
{v a (x) ,p v p(y)} = 8 al3 (x-y), 
{X (x) ,p x (y)} = 5(x-y), 

{X a (x) ,pp(y)} = 5 a p{x-y) . (17) 
There are only two the non-trivial brackets among the first step constraints 

{C x (x) ,C V (y)} = 5 (x - y) , (18) 

hence, besides first kind constraints, the second kind ones emerge in the theory. 
Canonical Hamiltonian obtained in this case is placed in appendix |B[ 
From the condition of the first step constraint conservation, we obtain the second step 

constraints 

A* - d A 
A" = v , 

Ca = ~d a (p + V a , 

C v = A , 
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(2) 

n° — \ 

( - y at ~ ^oti 

_ ^ „6 on: i'l. OA.-V2 



C ft = -Po - 30^/i 77 + 30d 2 s h lS - 30<9a$ 77(5 + 3oa 7 $ 



7^700) 



(2) 

C h a = - 2d 7 p^ + 5p b a + Wd 2 h a0 - 609 7 $ Q7 o + 309 Q $ 770 
- 30a Q $ooo, 

(2) 

Ct = + 3d a p* Q0 - 30a 2 $ Q77 + 30d 2 l5 $ a7 s - Q0d 2 aS % lS + 90c£ 7 $ 700 
+ 128 2 b a + 24d^& 7 - 2d 2 v a - 10d 2 ai v^ + 30$ Q77 



60<9 7 /i a7 + 15d a h jy — A5d a h 00 

(2) 

C% = - 3d 7 p*5 7 + + 30d 2 $ a/30 - 30^^000 + 305^$ 770 
+ 60 7a/3 a 2 $ 770 - 30 7a/3 <9 2 $ 00 o - 30 7a/3 <9 2 5 $ 750 - I2d 2 a/3 b 
- 24>y a pd 2 b + QdlpVo + <o^ a pd 2 VQ + 60d( a fyg) 

+ 907 Q/3 a 7 /i 7 o + 157 a/3 $ooo - 457 a/3 $ 77 o . (19) 

The first and second step constraints besides ([Hf ) have the following non-trivial Poisson 
brackets 

(1), (2) 

{C x (x) , C v (y)} = 5(x-y), 
{C*(x)C x a (y)} = dyj(x-y), 

(1) (2), 

{Cl{x) C x p {y)} = S al3 {x-y), 

{C X Jx)Cl(y)} = -Sapip-y) . (20) 

where d v n = 

At the third stage new constraints do not emerge but the partial determination of the 
Lagrange multipliers happens 

A* = - d a v , A x a = 0. 

(i) 

Thus, we have 15 "non-commutative" constraints. These are the first step constraintsC* 

(1) (1), (1) (2) (2) (2) 

* ', C a \ Cq, Ca and the second step ones C„, C"^ Among these constraints there is a 
linear combination, that has zero brackets with all other constraints, i.e., it is the first kind 
constraint 

(1) (1) (2) 

C c + d a C v a + C\ 

thus, among 15 "non-commutative" constraints, there are only 14 second kind ones. 

Having computed the constraint algebra, let us calculate the number of degrees of free- 
dom. The number of all field components in theory ( |T4D equals 20 + 10 + 4 + 1 + 4-1-4 = 43. 
In this, there are 22 first and 20 second step constraints. Among them, there are 28 first and 
14 second kind constraints. Hence the number of degrees of freedom for this theory equals 
43 — 28 — y = 8 and not 7 as for the theory describing the massive particle of spin 3. 

Thus, one can conclude that the presence of derivatives in field redefinitions, as in ( |T3"D 
for example, can result in the change of the number of degrees of freedom in the theory. 
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4 Conclusion 



Thus, in this paper we built the canonical Hamiltonians and full systems of constraints for 
the free massive fields of spin 2 and 3. We have showen that at substitutions of variables 
with use of derivatives the number of physical degrees of freedom in theory will be able to 
change. Of course it is not mean that such changes always happen. It implies that the use 
derivatives in substitutions of variables requires more careful examination. 

The author would like to thank prof. Yu. M. Zinoviev for useful discussion and help in the 
work. Work supported by Russian Foundation for Fundamental Research grant 95-02-06312. 
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A 

The canonical Hamiltonian for the Lagrangian ([!]) has the following form: 

n, 1 _$ *_i_J_-* $ <I> _|_J_-$ b i 1 -b $ 

n — gP000P000 + ^Pa(3~fPaf3~f ^qP '/3-yyP 'aa/3 ' c^uufiPfi ' c^fiPciaP 

+ ^p>% - ^p>L + ^pLp* + ^pLp* + \pipi + P>* 



+ -da^afSoPp^ + -d a $ a/3 oP* 77 + -da&aPoOO + g^a&aPoOO ( 21 ) 

9 9 7 7 - 

+ ggda&DPaftJ + 7^ d * b 0Ptf3p + ^paKa^ + ^d a h a0 p^ 

1 1 6 6-5 

- -<9 a $ a/30 ^ - 2 d <*®apoPp + -^daboPt + -^d a b p b a - -d a h a0 p p 

5 7 7 

- ^d a h aoP V + — $000PL + ^OOOPL + ® al 30P h Ql 3 + ^apoPafS 



2 „ u»r 4g ™r M 4 g 

J t /, 3 , _ ft 5 - 

oooP 



T ■ T 3 3 5 

5 15 - 15 9-9 
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+ SOdp$ aa pd s $ lld - 30dp^ aa pd^ lO o - 125 (9$ aQ/3 <9 7 & 7 

+ io<9 5 $ Q/37 <9«5<i a/ 3 7 + 3oa 7 $ QQ/3 9 5 $ / 3 75 - 3oa 7 $ aQ/3 9 7 $^ 
+ 3oa 7 $ aa/3 a 7 $ /30 o + i2a r $ aa/3 a r 6 j g - 3oa 5 $^ 75 9 a $ Q/37 

+ 30a 7 $ /3(55 (9 a <l> a/ 3 7 - 309 7 $^oo5 Q ^a/3 7 ~ ^d^^d^bp 

- Udp&aapdjbj + Yld^^pd^p - Uda&ap-fdjbp 

- 30dp<5> aa0 d^^ + S0dp$ aaO dp$ ll0 - 30dp<5> aa0 dp% 00 

- 12a^$ aa o«9/36 + 24d 7 <5 /37 o<9 a $ a/30 - 30a^$ 770 9 a $ a/30 

42 - 

+ SOd^ocxA^o + -ird a <5> aP0 dpb - 30d 7 $ a/ 3od 7 $ a/ 3o 
42 - 

- I2d p<$> aa0 dpb + —da&apQdpbQ - 12dp<S> a00 dpb a 

- 30a^$ a00 <9 7 $ a/ 3 7 + 30dp$ a00 dp® ail - 129 i g$ a oo9 j 96 a 

- 30d a <S> a00 d^ m + 12a a $ a0 o5/3^/3 + 12a a $ a0 o<9/3^/3 

+ 20d a $ooo<9 a $ooo + 129 a $ooo5 a 6 + 30d Q $oOO<9/3$a/3O 

36 

- 30a a $ooo5 a ^ + 12d a $oocAfro - -^-dpb a d a bp 

36 216 
+ —d a b a dpbp + —d a b d a b + 30«9 7 /i a/3 9 7 /i a/ 3 - 30<9 7 /i a/3 <i a/37 

- 305 7 /i a/ 3$ a/ 3 7 + 30dph aa d 1 hp 1 - SOdphaadphy-, + 5dph aa dptp 
+ 30dph aa dph 00 + 15dph aa $poo - lhdph aa $^ - 18dph aa bp 

- 60dyhp y d a h a p + 30dph iy d a h a p - hdptpd a h a p - 30dph 00 d a h a p 

- 60d a h a p$p 00 + 60d a h a p^p 71 + 5dph aa dpip + I5dph aa $p 00 

- IbdphcJ&pn - lSdph aa bp - 5dp(fd a h a p - 60d a h a p$p 00 

85 325 - 255 
+ 60d a h a p$ p^ + —d a h a odphp H — ^-<9 Q /t Q o$ooo g-d a h a0 $ppo 

63 

+ -^d a h a0 b - Q0dph a0 dph a0 + 60dph a0 ® a p + 60dph a0 ® a p 

325 - 255 - 63 1 

+ — d a h a0 §o 00 —d a h a0 $ppo + —d a h a0 b - -d a (pd a <p 

5 - 5 5 

- 5d a ipd a h 00 - -d a ip$ a0 o + -d a ip$ a pp - 5d a tpd a h 00 - -d a ^ a oo 



11 



+ -d a ip® a pf3 - 45d a h 00 $ a00 + I5d a h 00 § al3 p + 18d a h 00 b o 
- 30d a h 00 dph aP + 30d a h 00 d a h/3a - 45<9 a /i o$aoo + 15d a h 00 $ 



255^ 



+ 18d Q 

+ -r^OOO'I'OOO + ^$00000 ~ -rTr'I'aaO $000 - — ®aaOOo - —QaaOOo 

16 8 Id 8 8 

45 - - 63 - 

- 30®i3^<$> aal 3 + — $/3/30$aaO + 30$ a/3/3 $ a0 + ^$000^0 
ID o 

81 - 

+ A5h 00 h aa - A5h 00 h 00 + A5h aa h 00 - Ahh pp h aa + 7^b b . 



B 



Canonical Hamiltonian, corresponding to Lagrangian (H), has the form 
1 



^ gPa/^Po^ — ^P/J^Pcm/? + qPoOoPo + gPo^OOO + T^PaapPfl 
+ ^P/3PcL/3 + ^^a/3Pa/3 ~ ^PppPaa ~ T^PoPo + QpaPa 

3 3 1 1 - 

+ g5 Q $ Q/3 oP* 77 + -5 Q $ Q/3 oP* 77 + -^dccKoPpp + 2 d <* h <xOP0f3 
+ ^OOOPL + ^OOOPaa + ®aP0Ptp + ®aP0Ptl3 ~ ^wOPjfl 

3 5 5 - 1 1 - 

+ y5 a $ a00 Po + y ^a^aOOPo + ^cA^o + 9 a b a p b Q - ~d a V a p\ 
111 

- -d a v a p b - -d a v p b Q - -d a v p b a - 2d a %ood a v - 2<9 Q $ 00 o<9c^o 

2 

+ 2d /3 $ aO0 dpv a + 2d p § am dpv a - 2d l3 § a00 d a vp - 2dp$ M d a vp 
+ Qd^awdpvp + Gdc&caodp'Op + 2d p ^ aM d l3 v () + 2d^ atM dpVo 

- 4d a $ a/30 dpvo - Ada&apodpvo + 2d a ^ a p 1 d J v /3 + 2d a ^ a p 7 d 1 v p 

- 2d 1 ^ aaP d 1 v p - 2d y $ aaf3 d y Vf3 + 2d 1 ^ aa pd p v 1 + 2d 1 ^ aa pd p v 1 

+ 20<9 a $oood Q <!>ooo ~ 30^$ Qa0 9/3$ooo - 30<9 a $ ocA$ft8o 
+ 30a a $ooo9 /3 l>a / 3o + SO^^ooo^^^o - 9X*dp$p aa d &cin 

- 30a /3 <I> Qa0 a 7 l> / 3 7 o - 30^$ 77 od a $ a/30 + SOd^^^^o 
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+ 243 7 <l / 3 7 od Q <l> Q/3 o - 30d 7 $ a/ 3od 7 <i a/ 3o + lOd^aa/A^oo 
+ lOda^aood^p^ - 30d a ^ afSl d^ m - 30dp® a0 od 1 ® a p 1 
+ 30a 7 $ /3 oo5 7 $ aa/3 + 30dp$ a00 dp$ ajl + lQds&alh d 6®alh 

+ 30d s ^^sd^ aa/ 3 - 30d y ® pssd^aap + 12<9 Q <§ oo<9ako 
+ 12d a <5> 000 d a bo - UdpQoaodpba - 12d^ a00 d p b a 

- l2d a $ a0 odpbf3 - Uda&aoodpbp - 12a /3 $ aa0 <9 /3 6o 

- 125^0,00^60 + 12d a ^ apo dpbo + 12d a $ a/30 d p b 

- Uda^afrdjlp - Uda&a^drybp + 128^^8^ 

+ 125 7 $ aQ/3 5 7 6^ - 308 a h a pdph o - 3Qd a hood h a p 
+ 30dph Q0 d f) h aa + 3Od a h oo d a h 0/3 - 60dph aO dph aO 
+ l5d a h a0 dphpo + 3®d 1 h af3 d 1 h al 3 - 60<9 a /i a/ 3<9 7 /*a 7 

+ 30d a h a pdph^ + 30djhp^d^h aa — 30dph^dph aa 

75 - 75 
+ y<9 a /t a0 $ooo + y^a^ao^ooo - 45<9 a /i o$ a oo - 459 Q /i 00 $ a oo 

+ 15<9 a /i o<& a /?/3 + 155 a /ioo* a/ 3/3 + 60^/100^0^0 + ^dph a0 ^ af30 
45 - 45 - 

+ 153/j/ioa^OO + ISS/j/ioo^/JOO - 30(9 7 /lo/3$a/3 7 - 309 7 /l a/ 3<l> Q/37 
+ 603o/lo/3^/3 T7 + 6090^0/3^77 ~ 15 3/3^aa^/3 77 ~ 15d/3^aa$,877 

35= ^ 45- ^ 45- ^ - ^ 

+ —$000*000 - "J $000$aaO ~ "J $aaO$000 + 30$/3 00 $oa/3 

45- 

+ 30$o/3/3$aOO - "J $/?/30$aaO + 10$o/3 7 $ a/ 3 7 - 30$/3 77 $oo/3 

+ v A + v X - v a X a - v a X a + ^oV^Ao + d a tp\ a . 
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